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1 Background
In this contribution we consider power boosting, MPR reduction for single carrier for PC2/PC3 and for intra-band UL CA configurations as agreed in the WID [1] for UE RF enhancements for NR FR1/FR2 and EN-DC work item.
2 Power boosting or MPR reduction for single carrier 
For power boosting or MPR reduction for single carrier for PC2 and power class 3 (PC3), it is noted in the justification of the WID [1] that:
“Firstly, in the Rel-18 coverage enhancement WI, the power boosting and/or MPR reduction for PC2 and PC3 with QPSK were specified, which is mainly for the inner region of a single UL carrier. The further power enhancement is restricted by out-of-band emission requirements, e.g., ACLR requirement. It is observed that emission requirements could be relaxed under the conditions where no co-existence issue is caused especially for the deployment of two adjacent frequency blocks. Thus there is additional room to enhance the Tx power further.”
This is captured in the first part of the overall objective along with MPR reductions for a narrower channel within a wider BS bandwidth:
· Study the scenarios, and if feasible, specify the power domain enhancement, e.g., MPR reduction, for PC2 and PC3 with applicable ACLR/SEM/spurious emission modification with BS indication for NR FR1 on a single UL carrier

· Include the following scenarios:

· when there is no adjacent in-band/out-of-band co-existence issue

· when a UE uses a narrower channel bandwidth within a wider BS bandwidth

· Include both (e)RedCap UE (only PC3) and non-RedCap UE
· Limited to QSPK and 16QAM

The existing ACLR requirements have been specified with the aim of ensuring robust network performance within and between coexisting networks, the SEM mainly for compliance with regulatory unwanted emissions requirements. Allowing relaxed ACLR and SEM by (NS) network signaling is questionable as there is no guarantee that this indication is not used between an aggressor and victim operator at the operator block edge of the aggressor. We therefore propose that

Proposal 1: increasing UE output power by allowing relaxed ACLR and SEM by (NS) network signaling is not pursued as this as there is no guarantee that the NS indication is not used between an aggressor and victim operator at the operator block edge of the aggressor.

A similar case was considered for SAW-less devices between Band 13 (aggressor) and Band 14 (victim), NS signaling was proposed but not agreed in the same grounds.
Relaxing the ACLR requirements outside the UE channel bandwidth for the non-CA case is more feasible for unwanted emissions within the carrier, i.e. within the (cell-specific) resource grid and cell bandwidth as shown in Figure 1.
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Figure 1: a narrower UE-specific CHBW within a wider BS CHBW.
The in-band emissions within the carrier resource grid can be met without any power back-off. This means that some of the allocations at the upper edge of the UE-specific CHBW become inner allocations rather than outer or edge RB allocations depending on the ratio of the UE-specific and BS channel bandwidths. The resulting MPR for these allocations would be 1-1.5 dB lower and the UL is improved as evident from the table for PC3 below (the same for 2Tx)

Table 6.2.2-1 Maximum power reduction (MPR) for power class 3

	Modulation
	MPR (dB)

	
	Edge RB allocations
	Outer RB allocations
	Inner RB allocations

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 3.51
	≤ 1.21
	≤ 0.21

	
	
	≤ 0.52
	≤ 0.52
	02

	
	Pi/2 BPSK w Pi/2 BPSK DMRS
	≤ 0.52
	 02
	02

	
	QPSK
	≤ 1
	0

	
	16 QAM
	≤ 2
	≤ 1

	
	64 QAM
	≤ 2.5

	
	256 QAM
	≤ 4.5

	CP-OFDM
	QPSK
	≤ 3
	≤ 1.5

	
	16 QAM
	≤ 3
	≤ 2

	
	64 QAM
	≤ 3.5

	
	256 QAM
	≤ 6.5

	NOTE 1:
Applicable for UE operating in TDD mode with Pi/2 BPSK modulation and UE indicates support for UE capability powerBoosting-pi2BPSK and if the IE powerBoostPi2BPSK is set to 1 and 40 % or less slots in radio frame are used for UL transmission for bands n40, n41, n77, n78 and n79. The reference power of 0 dB MPR is 26 dBm.

NOTE 2:
Applicable for conditions where note 1 does not apply. 


Given that MPR reduction is at least 1 dB, we propose that
Proposal 2: MPR reductions are specified for the case of a narrow UE-specific CHBW within a wider BS CHBW for the non-CA case.
This also appears feasible from an implementation viewpoint as the Tx must be capable of transmitting without MPR anyways and that
Observation 1: the UE is aware of the carrier resource grid (indicated by SIB1) and can then use the corresponding CHBW or any smaller supported CHBW to derive the MPR based on the allocations contained within the UE-specific CHBW.
3 MPR reductions for intra-band non-contiguous CA in fragmented spectrum

3.1 MPR with deactivated or non-scheduled carriers
MPR reductions for intra-band UL CA configurations are contained in the second part of the main objective of the WID [1]:
· Specify MPR applicability based on the UL CCs with activated cells for NR intra-band UL CA configuration

· Include both intra-band UL contiguous CA and intra-band non-contiguous UL CA for FR1

· Include intra-band UL contiguous CA and intra-band DL contiguous CA with single UL for FR2

· MPR requirement is not applicable until the SCell is activated
Many operators have fragmented spectrum allocations in bands, examples are given in [2]. To this end, performance of deployments in fragmented intra-band spectrum should be improved for 2DL/2UL, particularly when one of the UL carriers is deactivated as mentioned in the above objective.
Currently, for UL intra-band non-contiguous CA configurations, 

· the MPR larger than that for the non-CA case for UL transmissions confined within one of the two carriers, e.g. the Pcell in the FDD example below, for UEs not indicating dualPA-Architecture
· the MPR for concurrent transmissions on two UL carriers very large, and only evaluated for Band n41

· significant reduction of UL coverage for CA in non-contiguous spectrum
An MPR larger than that for the non-CA case for UL transmissions confined within one of the two carriers should also be possible for a single PA, improved IQ imbalance and LO rejection may be needed but could be subject to UE capability. 
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Two PAs can then be used for supporting UL-MIMO on of the carrier, the other deactivated. To this end we propose

Proposal 2: introduce additional requirements for DL/UL intra-band non-contiguous CA (1Tx or 2Tx) in fragmented spectrum

· single UL cell scheduled/active: by reducing MPR to that of non-CA for UL transmissions confined within one of the two cells also for UEs not indicating dualPA-Architecture at least when one of the cells is deactivated;
· dual NC UL cells scheduled: by reducing MPR for concurrent transmissions for FDD and TDD regardless of PA architecture with additional side-conditions (LO leakage etc) if needed;
· up to 100 MHz carrier separation (intraBandFreqSeparationUL-AggBW-GapBW-r16 class I) as supported by a single TX/PA and RX chain, and up to 50 MHz carrier separation for FDD;

· enhancements subject to UE capability.
This is illustrated in figure 2 below.
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Figure 2: DL/UL intra-band non-contiguous CA (1Tx or 2Tx) in fragmented spectrum.
3.2 Non-collocated cells belonging to different blocks?
Fragmented spectrum blocks may also include non-collocated cells (just as any other operator allocation). However, for non-contiguous CA it may be possible to reuse work for non-collocated cells in n77. In practice the UE must be able to handle power differences greater than 25 dB as required for the n77 non-collocated case to comply with the standard in-band blocking requirements in any band.
4 Proposal
For power domain enhancements, MPR reductions for UE-specific bandwidths and for UL intra-band CA we propose that
Proposal 1: increasing UE output power by allowing relaxed ACLR and SEM by (NS) network signaling is not pursued as this as there is no guarantee that the NS indication is not used between an aggressor and victim operator at the operator block edge of the aggressor.

Relaxing the ACLR requirements outside the UE channel bandwidth for the non-CA case is more feasible for unwanted emissions within the carrier:

Proposal 2: MPR reductions are specified for the case of a narrow UE-specific CHBW within a wider BS CHBW for the non-CA case.

that also appears feasible from an implementation viewpoint for 

Observation 1: the UE is aware of the carrier resource grid (indicated by SIB1) and can then use the corresponding CHBW or any smaller supported CHBW to derive the MPR based on the allocations contained within the UE-specific CHBW.
and the UE must support transmissions without MPR for some allocations within the UE-specific CHBW at any rate. 
Furthermore, for UL intra-band CA in fragmented operator spectrum,
Proposal 2: introduce additional requirements for DL/UL intra-band non-contiguous CA (1Tx or 2Tx) in fragmented spectrum

· single UL cell scheduled/active: by reducing MPR to that of non-CA for UL transmissions confined within one of the two cells also for UEs not indicating dualPA-Architecture at least when one of the cells is deactivated;
· dual NC UL cells scheduled: by reducing MPR for concurrent transmissions for FDD and TDD regardless of PA architecture with additional side-conditions (LO leakage etc) if needed;
· up to 100 MHz carrier separation (intraBandFreqSeparationUL-AggBW-GapBW-r16 class I) as supported by a single TX/PA and RX chain, and up to 50 MHz carrier separation for FDD;

· enhancements subject to UE capability.
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